Background and purpose: Dural arteriovenous fistulas (DAVFs) with cortical venous drainage often present with hemorrhage or neurological deficits and prompt treatment is indicated. Disconnection of the draining vein is considered curative. We present the multimodality treatment results of 35 patients with cranial DAVFs with exclusive cortical venous drainage. , 35 consecutive patients with cranial dural fistulas with exclusive cortical venous drainage were treated. There were 27 men and eight women, mean age 68 years (range 45-87). Clinical presentation was hemorrhage in 23 (66%), pulsatile bruit in two (6%), seizures in one (3%) and blurred vision in one (3%). In eight patients (22%), the DAVF was an incidental finding. Location of the DAVFs was convexity in 25 (71%), posterior fossa in eight (23%) and tentorium in two (6%). Results: Surgery was performed in four patients with anterior cranial fossa fistulas and in one patient with a tentorial dural fistula. In 30 patients, embolization with Onyx via the arterial route was the primary treatment with complete obliteration in one session in 25 patients. Additional surgical or endovascular sessions were necessary in five patients after incomplete embolization and in one patient after incomplete surgery. Obliteration was confirmed with angiography after three months. There were no procedural complications. Conclusions: Patients with dural fistulas with cortical venous drainage were cured with a strategy of arterial endovascular treatment with Onyx and surgery. These techniques were either primarily successful or complementary. There were no complications of treatment.
Introduction
Cranial dural arteriovenous fistulas (DAVFs) with cortical venous drainage are acquired vascular disorders with multiple arterial feeders draining into a single vein. Direct arterial shunting to the cortical cerebral veins may lead to severe clinical symptoms such as hemorrhage, seizures, progressive neurological deficits or dementia. [1] [2] [3] [4] After presentation, prompt treatment is indicated. 5, 6 Since DAVFs with exclusive cortical venous drainage are considered multiple-hole fistulas with many arterial feeders draining into a single cortical vein, surgical or endovascular disconnection of the draining vein is curative.
Endovascular treatment has traditionally included embolization via an arterial or venous route with use of acrylic glue, particles, coils, or a combination. [7] [8] [9] [10] [11] [12] However, recently it has been widely accepted to occlude the draining vein through an arterial route using a nonadhesive liquid embolic agent of biocompatible polymer (Onyx, Covidien, Minneapolis, MN, USA). [13] [14] [15] [16] [17] [18] [19] [20] In this paper, we report our single-center results of endovascular and surgical treatment from January 2010 onward.
Materials and methods

Patient cohort
Between January 2010 and January 2017, 85 patients with dural fistulas were treated in our institution. Thirty patients (35%) had a spinal DAVF. Of 55 cerebral DAVFs, five were draining into the cavernous sinus, 15 drained into the sigmoid or transverse sinus and 35 DAVFs had exclusive cortical venous drainage. The 35 consecutive patients with a DAVF with exclusive cortical venous drainage form the subject of this study. There were 27 men and eight women (3.4:1) with a mean age of 68 years (median 72, range 45-87 years). Clinical presentation was hemorrhage in 23 (66%), pulsatile bruit in two (6%), seizures in one (3%) and blurred vision in one (3%). In eight patients (22%), the DAVF was an incidental finding. Location of the DAVFs was along the convexity in 25 (71%), posterior fossa in eight (23%) and tentorium in two (6%). Treatment strategy was decided in a multidisciplinary meeting with neuroradiologists, neurosurgeons and neurologists. Whenever possible, endovascular transarterial approach was the treatment of choice except for anterior fossa DAVFs with ophthalmic artery supply.
Embolization procedure
Endovascular treatment was performed with the patient under general anesthesia on a biplane angiographic unit (Integris Allura Neuro, Philips Healthcare, Best, the Netherlands). A 5F catheter was positioned in the external carotid or vertebral artery, and an Onyx-compatible microcatheter (Rebar 105-5081-153, Medtronic, Minneapolis, MN, USA, or Scepter, Microvention, Tustin, CA, USA) was coaxially advanced in a dural feeding artery as close as possible to the fistula site. Whenever possible, the middle meningeal artery was used for access to the fistula, since this dural artery usually has a straight course allowing for easy distal access. Onyx 18 (Medtronic) or PHIL (Microvention) was slowly injected. When reflux occurred, the injection was paused for a few minutes. In most cases reflux occurred several times before penetration of Onyx through the fistula site into the draining vein. With distal middle meningeal artery injection, more than 5-cm reflux was accepted. Once Onyx advanced, it was intermittently injected until the draining veins were filled and all feeders were filled retrograde, thereby completely occluding the fistula. In the last years, the Scepter microcatheter was used. This catheter has a microballoon just proximal to the tip. When inflated, the balloon prevents reflux in the feeding artery. Immediate angiographic cure was defined as the formation of the cast of the embolic agent in the target fistula as well as the proximal draining veins and no residual arteriovenous shunting. Post-procedural pain was managed with medication according to local protocol, in some cases including intravenous morphine or fentanyl. Follow-up angiography was performed after 6-12 weeks. Illustrative cases are provided in the figures.
Results
The four patients with anterior cranial fossa DAVFs were surgically cured without complications. One patient who presented with hemorrhage demonstrated a small tentorial DAVF supplied by the medial dural branch of the superior cerebellar artery also known as the artery of Byrne and Garcia. 21 This patient was primarily treated surgically but complete cure could not be achieved in two subsequent surgeries. Finally, the DAVF was endovascularly treated by occlusion of the cortical draining vein using coils transvenously via the straight sinus (Figure 1 ). Of 30 patients with primary arterial endovascular treatment, 25 (83%) were cured after a single embolization session, confirmed at follow-up angiography. In five patients, the shunt could not be closed completely necessitating additional surgery in four (13%) and a second embolization session in one (3%). Finally, all 35 DAVFs were cured. Primary endovascular access was the middle meningeal artery in 22 (67%) (Figure 2 ), the occipital artery in six (20%) (Figure 3) , the posterior meningeal artery in one (1.5%) and posterior inferior cerebellar artery in one (1.5%). There were no permanent adverse events, neither from surgery nor from endovascular treatment (0%, 97.5% confidence interval 0-3.7%). Eighteen patients experienced post-procedural pain after embolization, hypothetically because of dural ischemia. All patients were managed according to local analgesic protocol. Four patients needed morphine and one fentanyl to manage the pain. At the time of follow-up angiography, all patients were pain free without medication. Post-procedural radiation-induced alopecia did not occur.
Discussion
Cerebral dural fistulas with exclusive cortical venous drainage are rare acquired lesions comprising about two-thirds of all treated cerebral DAVFs in our institution. The majority were symptomatic presenting with hemorrhage, seizures, bruit or blurred vision and a few were incidentally discovered on magnetic resonance imaging. There was a striking preponderance of males.
In view of the aggressive natural history, the treatment goal was complete obliteration of the fistula. In our center these fistulas were treated using a multidisciplinary approach. This proved successful in obtaining cure in all cases. Surgery was the treatment of choice in anterior fossa DAVFs whenever the ophthalmic artery was the dominant supply of the fistula. Transarterial navigation of this vessel has the potential to occlude the retinal artery with permanent visual loss of the affected eye. Surgery in this location was straightforward with excellent results and no complications. Surgery was considered first treatment in only one other patient. This man presented with a large intracranial hemorrhage from a small tentorial DAVF on angiography. Surgery was not successful owing to the deep location and small fistula size. The fistula was finally treated endovascularly by coil occlusion of the draining vein via a transvenous approach (Figure 1 ). Primary endovascular treatment was curative in a single session in the vast majority of patients without any permanent procedure-related adverse events. During embolization multiple injections sometimes retrograde-filled many dural arterial feeders before penetration in the veins was achieved. This venous penetration is crucial to permanently occlude the whole fistulous complex. In our cohort, as well as in the literature, the most favorable artery for access is the middle meningeal artery, even if this artery is not the dominant supply. 13, 16, 17 This has several reasons. The middle meningeal artery usually has a straight course because of its location between the internal tabula of the skull and the periosteal layer of the dura. This straight course allows for easy distal access in the proximity of the draining vein. Another advantage of using the middle meningeal artery is the absence of dangerous extracranial to intracranial anastomoses in its distal part. These potential dangerous orbital, cavernous and petrosal anastomoses are located proximally and anteriorly at the skull base. 22 The occipital artery is often involved as a feeder to dural fistulas in posterior locations. The occipital artery is mostly tortuous when it accommodates high flow, partly because the artery is surrounded by loose connective tissue. The tortuous course makes advancement of the microcatheter difficult. In addition, potential dangerous occipital to vertebral artery anastomosis around the pro-atlantal segment can be located quite close to the fistula point. These anastomoses are not always visible or may become apparent during the process of embolization when flow conditions change. Post-procedural pain was reported by most patients, sometimes making adequate pain medication necessary. This is probably related to relative ischemia of the dura as a result of occlusion of dural arteries. Pain usually gradually decreased in the days to weeks following the procedure, and at the time of follow-up angiography after 6-12 weeks, no patients used analgesics. Our favorable results are in concordance with other recent series using Onyx as first-line treatment for dural fistulas with cortical venous drainage. [13] [14] [15] [16] [17] [18] [19] [20] Most authors advocate the use of Onyx since results tend to be better than with use of acrylic glue or other endovascular techniques.
Conclusion
In conclusion, the multidisciplinary treatment and management of patients with DAVFs with exclusive cortical venous drainage led to angiographic cure in all patients without complications. The vast majority of patients could be treated with Onyx via the arterial route in a single session. Anterior fossa DAVFs were surgically cured in all patients. In a minority of patients additional surgical or endovascular procedures were needed to achieve complete obliteration.
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